Incidences of infection and occurrence of Kocuria rhizophila in human gut are prominent but 20 certainly no reports on the species ability to withstand human gastrointestinal dynamics. Kocuria 21 rhizophila strain D2 isolated from healthy human gut was comprehensively characterized. The 22 functional analysis revealed the ability to produce various gastric enzymes and sensitive to major 23 clinical antibiotics. It also exhibited tolerance to acidic pH and bile salts. Strain D2 displayed 24 bile-salt hydrolytic (BSH) activity, strong cell surface traits such as hydrophobicity, auto-25 aggregation capacity and adherence to human HT-29 cell line. Prominently, it showed no 26 hemolytic activity and was susceptible to the human serum. Exploration of the genome led to the 27 discovery of the genes for the above said properties and has ability to produce various essential 28 amino acids and vitamins. Further, comparative genomics have identified core, accessory and 29 unique genetic features. The core genome has given insights into the phylogeny while the 30 accessory and unique genes has led to the identification of niche specific genes. Bacteriophage, 31 virulence factors and biofilm formation genes were absent with this species. Housing CRISPR 32 and antibiotic resistance gene was strain specific. The integrated approach of functional, genomic 33 and comparative analysis denotes the niche specific adaption to gut dynamics of strain D2.
INTRODUCTION
The genus Kocuria (formerly Micrococcus) was named after a Slovakian microbiologist:
Miroslav Kocur, and belongs to the class Actinobacteria (1). It is Gram-positive cocci, catalase Genomic Islands are distinct DNA fragments associated with mobility and we could identify 221 maximum of 22 GIs in G2. These genomic islands comprised of a minimum of 3% to a 222 maximum of 12.8% of genome size in the strain considered under study. These strain (DC220, 223 FDAARGOS 302, P7-4) had an equal number of genomic islands i.e. 11. The strain D2 has the 224 least number of islands and comprises 3.4% of the total genome. We could identify many 225 important genes associated with a cellular function in these regions. Some of these in strain 226 DC220 are ethanolamine permease and glutamine synthetase; dethiobiotin synthetase and fusaric 227 acid resistance protein in strain FDAARGOS 302; acyl-CoA synthesis genes within P7-4; 228 bleomycin resistance family protein in TPW45; glutaminase synthesis gene in 14ASP; 229 thioredoxin in RF; short-chain dehydrogenase in G2; alkylmercury lyase (EC 4.99.1.2) in D2. 230 Further, comparison of the genomic islands, we could not identify any common GI but could 231 find all the IS elements, CRISPR cas genes within these regions. The genome ATLAS plot 232 shows these differences between the strains ( Fig 6) .
233

Antibiotic resistance, Virulence determinants and Survival in GIT
234
K. rhizophila's report on resistance to antibiotics is very little known. Thus in this study, we 235 screened genomes of K. rhizophila against Comprehensive Antibiotic Resistance Database 236 (CARD) for antibiotic resistance genes. Only strain RF had a single copy of beta-lactamase gene 237 and no antibiotic resistance from other seven isolates were identified. No virulence factors could 238 be found in any of the genomes. We could also identify genes lytr, rrp1 for acid resistance, clp 239 for bile resistance and copA gene for competitiveness have been identified; thus helping it to 240 survive in the gastrointestinal tract within strain P7-4 and D2 only. The isolate K. rhizophila D2 was comprehensively characterized for its ability to colonize in the 245 gut and, if present antibiotic resistance and virulence factors. In, the present study we use a 246 combination of in-vitro and in-silico approaches to identify this potential of bacterial strain D2.
247
A successful colonization in GIT by bacteria can happen if they have the ability to tolerate low 248 pH, bile salts, oxidative stress and moreover survive in the obligate anaerobic environment (21,
.
250
Principally, we tested the acid and bile tolerance and found that strain D2 was able to tolerate a 251 low pH of 2.5 and 0.4% (w/v) bile salts with 60% and 58.8% survivability. Along with 252 experimental evidence, the genes were identified involved in acid tolerance (lyt, clp) within the 253 genome (23). We also identified genes encoding for entire primary bile salts production pathway 254 responsible for bile salts hydrolysis activity and in-turn the tolerance. Thus indicating important 255 characters for a bacterium to stay alive and become part of the natural GIT microbial community.
256
Next, we examined the aggregation and adhesion properties of strain that play an important 257 attribute for long-term colonization in the human GIT (24). The strain D2 showed low 258 autoaggregation capacity and adhesion. The isolate was also to adhere to human HT-29 cells 259 which were evident from the cells surface hydrophobicity. Also, the genome of strain D2 has 260 copA gene which helps in competitiveness with other bacteria (23). The resistance to hydrogen 261 peroxide is imparted by iron-binding ferritin-like antioxidant protein and superoxide dismutase 262 (EC 1.15.1.1) (25) found in the genome, this activity was also shown in the experiments. Overall 263 these ability suggest its potential to thrive in the GIT conditions. Further, we could not find genes 264 producing exopolysaccharides (EPS) and in-vitro results for production of EPS by strain D2 confirm its inability to produce EPS. Generally these EPS are meant to provide additional benefit 266 as a means of protection from various stress conditions present in the human GIT (26, 27) .
267
Genes for carbohydrate (CHO) metabolism revealed a diverse range of the gene encoding for 268 utilizing numerous carbon sources that can be used for energy and growth. We found important 269 genes found in CHO metabolism along with their respective transport systems. Further, the API 270 stress assay reflected the functionally of the genome. The integrated approach of genomic and 271 functional features of the strain together provides a comprehensive mechanism of carbohydrate 272 utilization. The in-silico analysis also revealed the presence of 'Opp proteins' proteolytic system 273 that help in breaking of high molecular weight proteins into smaller proteins, thus converting to 274 absorbable forms for the human body (28-30). The utilization of gluten as a sole source of 275 nitrogen was seen from the aminopeptidases genes present in the genome, which is a unique 276 property for the strain D2.
277
The capacity to absorb sulphur, phosphate and nitrogen was found to be related with the genome 278 by strain D2, helping them to carry out its own cellular process. The strain D2 has potential to 279 synthesize menaquinone (vitamin K2), phylloquinone (vitamin K1), thiamine (B1) riboflavin 280 (B2), folate (B9). These vitamins are need to be supplied exogenously and cannot be synthesized 281 by the human cells thus essential (31, 32). Moreover, it can produce in eleven amino acids which 282 serve as precursors for the synthesis of short-chain fatty acids (33, 34) . The genome has genes 283 for acetyl-, butyryl-and proponyl-CoA dehydrogenase but the last enzymes that convert these 284 into acetate, buterate and propionate were absent. This is evident as this bacterium belongs to 285 actinomycetes and acetyl-, butyryl-and proponyl-CoA dehydrogenase are further taken for One concern regarding the strains of K. rhizophila is that this species has been known for its 288 pathogenic infections. Therefore, it is of high importance to test for pathogenicity. Strain D2 289 showed non hemolytic activity and was sensitive to human serum and showed marginally 290 sensitivity to some other antibiotic such as ciprofloxacin, levofloxacin, and gentamicin Thus, the 291 strain D2 is a non-hemolytic, sensitive to major antibiotics tested and as well we could not 292 identify the hemolytic genes in genome analysis.
293
Genome comparison did not reveal any significant differences (P ≤ 0.05) between the strains 294 with reference to their GC content, genome size, an average number of genes and coding DNA 295 sequence (CDS). The pan-genome size grew steadily with the addition of strains and the core 296 genome stabilized, thus indicating an open pan-genome for the strains under study (Fig 4) . The 297 pan-genome analysis revealed 888 (6.57%) as core genes, 10882 (80.51%) accessory and 1745 298 (12.91%) as unique genes. The less number of genes in core, unique category and a large number 299 of genes in accessory suggests the genomic fluidity of the genomes (37, 38). Further, the 300 phylogenetic tree based on the core genome SNP based phylogeny separated 8 strains in 2 301 distinct clusters (bootstrap >70) ( Fig 5) and no clustering based on the source of isolation.
302
Most of the strains under study did not harbour any antibiotic resistance gene except strain RF 303 possessing beta-lactamase, indicating its multi-drug resistance to antibiotics such as penicillins, 304 cephalosporins, cephamycins, and carbapenems (39, 40) . No virulence genes could be identified 305 in any strains and genes responsible for survival in GIT can be only found in strains P7-4 and D2 306 as these are the only gut isolates.
307
Insertion sequences (ISs) and bacteriophages contribute actively to bacterial evolution by 308 integrating and exciting from the genome. In certain conditions, they provide new genetic properties such as virulence factors and antibiotic resistance (41-45) . In K. rhizophila no such genomes were predicted using Glimmer version 3.02 (87) followed by DC2201, G2, TPW45, P7_4, RF and the outermost as D2. The difference between 62 these genomes can be seen by the gaps in the rings.
